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Abstract 
Fabricated and investigated samples of multilayer cladding on the flat surface are obtained using a laser cladding technology. 
Iron-based powder was used in the study. Geometric parameters of track depending on the process parameters were determined. 
The effect of thermal fields on the quality of the coating was analyzed. Optimal strategy areas adjacent to tracks and each 
subsequent layer deposition have been identified. Microhardness of the resulting coatings was measured. Result of this work is a 
multi-layer coating in order to restore and improve the surfaces of parts, which exposed to wear. 
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1. Introduction 
Nowadays, there is a growing interest of using additive technologies in the industry which also include laser 
cladding coatings - a complicated process, whose goal is to restore the damaged parts of surfaces, as well as giving 
them the required properties. Depending on the energy source cladding can be classified on the arc welding, plasma, 
electron-beam, laser etc. [Hasui et al. (1985)]. Coatings of high quality are considered to be integral with a lack of 
pores and cracks, with the minimum mixing of substrate material and powder, and a minimum depth of penetration 
of the base, which provides strong adhesion of the coating to the substrate without delamination [Grigoryants et al 
(2006)]. Using a fiber laser allows to achieve the most concentrated source of energy (beam size is a few tenths of a 
millimeter) and its high optical quality of the radiation, high power and the ability to transport laser radiation through 
the fiber lines significantly simplifies problem of creating a high-quality coating and improve the economic 
performance of the technology. Wire, ribbon or powder can be used as surfacing materials. Cladding with the usage 
of powder material is proved to be the most effective method due to a greater level of laser radiation absorption, ease 
of delivery and ability to transfer material to remote places, move the tape that is difficult to implement. As melting 
of the substrate during the laser cladding is the lowest, the coating properties are mainly dependent on the properties 
of the filler material [Pelletier (1995) and Damborenea (1993)]. Resort of a powder material allows adjusting the 
chemical composition of the coating obtained by mixing several powders with different properties, which provides 
means for reaching the desired coating characteristics [Murzakov et al. (2014)]. 
2. Experimental setup 
Study is carried out on the installation consisting of five main parts: the cell coordinate system Huffman HC-205, 
the computer system control, feeder for powders Sulzer Metco Twin 10-C, fiber laser LS-3.5 power up to 3.5 kW, 
chiller for cooling the laser and the optical head. We used a powder of the brand PR-10R6M5, chemical composition 
of which is given in table 1, the grain size of which is in the range up to 140 microns. Sieving through a flat sieve 
was performed for improving the properties of the cladding. The cell size varied from 63 to 100 microns. The 
powder became more homogeneous, without large teardrop-shaped beads after screening. Additionally, the substrate 
surface grinding of used steel 34HMA (iron content of ~ 98.54%) was carried out for removal of oxides before the 
experiment. 
Table 1. Chemical composition of used powders. 
Chemical element Fe C Cr W Mo Si Mn Ni S 
PR-10R6M5 80 1 4 6.5 5.2 0.5 0.55 0.4 0.03 
There is melting metal powder and substrate during the laser cladding. Moving the substrate relative to the nozzle 
one track is formed after cooling. Advantages and disadvantages of coaxial laser cladding using fiber lasers will be 
viewed in more detail in the study of Petrovskii et al. (2012). 
3. Results 
3.1. Forming one track 
For the selection of the optimum mode of deposition track in the experiment following parameters were ranged: 
laser power; the linear speed of the substrate; powder feed rate. After cladding visual inspection of weld tracks was 
performed in respect of the following parameters: the stability of the width, height of the roller and the surface 
roughness. According to the results of work the range of the optimal technological parameters was determined for 
further more detailed studies, in which measurements of the following geometric parameters of surfaced tracks were 
performed: the height and width of the deposited layer, the depth of penetration of the substrate (Fig. 1). 
These experiments showed that the most powerful influence on the width and depth of the cladded track has laser 
power variation, and height of the track - the powder feed rate. Following optimal mode of deposition track was 
selected with all of the above requirements: laser power is 400 W, linear speed of substrate is 37.5 cm/min, powder 
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feed rate 1 g/min and a height above the surface of the nozzle 5 mm, in this case the spot diameter at the surface was 
0.9 mm. 
3.2. Forming one layer 
Initial gradual cladding in the above-mentioned regime and different overlap of 1/3W, 1/2W, 2/3W was carried 
out, where W is a width of one track. Figures 3 and 4 depict cross-sections of these layers and change of 
microhardness over the cross section of laser cladding respectively. Negative region on Fig. 4 corresponds to the 
cladding layer, the positive – to the substrate material. After a visual inspection and cross-sectional analysis, taking 
into account the uniformity of penetration of the track proved to be the most optimal layer applied with overlapping 
2/3W. 
   
      a     b           c 
Fig.1. Dependence of geometric parameters cladded track (a) laser power, (b) linear speed of substrate, (c) powder feed rate. 
The distribution of the substrate temperature during laser cladding was measured by a thermal imager FLIR 
T650SC. The distance at which a marked weakening of the substrate temperature in a direction perpendicular to the 
forming surfacing was measured. Further the following strategy of the layer fabrication was chosen (Fig. 2). After 
application of the track 1 substrate material was displaced at the distance D where thermal field of one track falls 
significantly. On the basis of the analysis devoted to the measured distribution of substrate material temperature 
within welding the value of D = 5 mm was chosen. Then track 2 was applied, and once again shift at the distance D 
happened, track 3 was applied. Further substrate material was turned back to the roller 1 and was moved in direction 
of the roller 1 at the pace L = 1/3W, and after that the layers 4, 5 and 6 were applied. The procedure was repeating, 
until the whole layer was completed. The structure of the obtained coating (Fig. 3d) is similar to the one, which was 
received with overlap of 2/3W in the figure 3c, however iron content in the welded coverage is less (Table 2), as the 
less degree of heating causes less pace of intermixing and consequently substrate properties improve. Disadvantage 
of this strategy of the layer fabrication consists in uneven melt-through of the substrate material in the spots, where 
the last track is applied. 
Table 2. Iron content in layer, depending on the strategy of creating layer. 
Overlap Iron content 
1/3 86 
1/2 85 
2/3 83 
2/3, considering thermal field 81,5 
3.3. Fabrication of a bilayer cladding 
Bilayer welding was conducted in different conditions. First of all the first layer was created by means of gradual 
application of tracks with overlapping of 2/3. Then the second layer was fabricated under the same regime, but with 
the tracks direction different than in the first case: at an angle 0°, 45° and 90°. Figures 5 and 6 depict cross-sections 
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of these layers and change of microhardness over the cross section of laser cladding respectively. Penetration of the 
substrate was similar in all cases. Also the samples have the same iron content in the coating and equal 
microhardness but if the direction of the second cladding layer at an angle of 0 °, this dependence is more 
homogeneous. 
 
 
Fig.2. Strategies for creating layer considering thermal field. 
    
 a    b        c               d 
Fig.3. Cross-sections of one layer with different overlap: a - 1/3, b – 1/2, c – 2/3, d – 2/3 and considering thermal field. 
  
   a    b        c               d 
Fig 4. Change of microhardness over the cross section of one layer with different overlap: a - 1/3, b – 1/2, c – 2/3, d – 2/3 and considering thermal 
field. 
   
a    b    c 
Fig.5. Cross-sections of bilayer with different direction of second layer: a - 0°, b - 45°, c - 90°. 
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a    b    c 
Fig.6. Change of microhardness over the cross section of bilayer with different direction of second layer: a - 0°, b - 45°, c - 90°. 
Conclusion 
The results of the research demonstrated, that alteration of the laser irradiation power influences most of all the 
width and the depth of the welding track, but rate of the powder feed – on the depth of melt-through for substrate 
material. In the process of fabrication one layer coating overlapping rate of 2/3 showed the least grade of 
intermixture and more even melt-through of substrate material compared with coefficients 1/3 and 1/2.  According 
to the results of the thermal fields research at the distance of 5 mm from the driven roller substrate temperature falls 
significantly. In the layer, which was applied in respect with thermal fields, intermixture of substrate material and 
coating appeared to be minimal, due to less heating. Bilayer coating was created with different directions of the 
second layer (0°, 45° and 90°) and overlapping rate of 2/3. Distribution of microhardness at cross-cutting is more 
uniform in the case of parallel application of layers. 
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